SUMMARY A patient with severe malabsorption due to massive diverticulosis of the small intestine developed an acute encephalopathic syndrome which responded dramatically to intravenous nicotinamide. Various mechanisms are discussed whereby nicotinamide deficiency might have occurred in this clinical context.
Neurological symptoms due to nicotinic acid deficiency are uncommon in patients with intestinal disorders. In this communication we describe a patient with extensive jejunal diverticulosis and bacterial overgrowth in the small intestine who developed a severe encephalopathy of the type described in nicotinamide deficiency (Cleckley, Sydenstricker, and Geeslin, 1939; Jolliffe, Bowman, Rosenblum, and Fein, 1940; Spillane, 1947) . The neurological disorder responded dramatically to intravenous nicotinamide. Although we can only hint at mechanisms whereby nicotinamide deficiency might have been precipitated, the therapeutic implications are important enough to warrant drawing attention to this unusual occurrence.
Case Report
Early in 1965 a 66-year-old woman who was a teetotaller and ate a normal diet developedepisodic diarrhoea and lost 9 kg in weight. She remained fairly well, however, until early 1967 when for the first time she noticed pale, bulky stools and ankle oedema. She was admitted to Hammersmith Hospital for investigation in September 1967. Clinical examination revealed a thin, pale, apathetic woman, weighing 51 kg. The hair was sparse and the skin atrophic. There was no rash, icterus, glossitis, or angular stomatitis. The feet were oedematous and there was moderate ascites.
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The heart was normal and the venous pressure was not raised. No abdominal viscera were palpable. The bones were not tender. There were no abnormal neurological signs, in particular no suggestion of encephalopathy, myelopathy, or peripheral neuropathy.
HAEMATOLOGICAL INVESTIGATIONS
The patient was anaemic. The haemoglobin was 10-6 g/100 ml, serum iron was 120 ,ug/100 ml, serum B12 was 260 pg/ml (normal is in the range 160-960 pg/ml), and serum folate was 17 ng/ml (normal: 3-17 ng/ml). Despite the normal levels of vitamin B12 and folic acid in the serum, the blood film showed occasional macrocytes and target cells and the marrow showed mild megaloblastic changes. Similar findings have been reported by Hines, Hoffbrand, and Mollin (1967) in a patient with jejunal diverticulosis.
BIOCHEMICAL INVESTIGATIONS
Urea was 24 mg/100 ml. Electrolytes (in m-equiv/l) Na 135, K 3.8, Cl 102, HCO3 24, Ca 4 5, P 1.4, and Mg 1-6. Total plasma protein was 4.8 g/100 ml (albumin was 21 g/100 ml and globulin was 2-7 g/100 ml). Bilirubin was 0.9 mg/100 ml, alkaline phosphatase was 19 KA units/100 ml, 5-nucleotidase was 4 IU/100 ml, isocitric dehydrogenase was 8 IU/100 ml, cholesterol was 70 mg/100 ml, and bromsulphthalein retention was 19% at 45 minutes. Thin-layer chromatography of the fasting jejunal aspirates revealed evidence of bile salt deconjugation. Free bile acids, not normally found in jejunal fluid, were present (2.4 mmoles per litre). The concentration of the conjugated bile salts (0.4 mmoles per litre) was very much reduced (normal is in the range 5-10 mmoles per litre) (Tabaqchali, Hatzioannou, and Booth, 1968) .
Serum bile acid pattern This was also abnormal. The total concentration of bile acids was increased (15-9 ,u moles/I). This was mainly due to the abnormal presence (1 1l4 ,g moles/i) of free bile acids (normal range is 2-2-4-2 ,u moles/I, all conjugated) (Lewis, Panveliwalla, Tabaqchali, and Wootton, 1969) .
Urinary indican excretion
This was normal (52 mg/24 hours) despite the high bacterial counts in the jejunum and was possibly due to the associated pancreatic insufficiency (Fordtran, Scroggie, and Polter, 1964) .
BONE INVESTIGATIONS
A radiological skeletal survey showed undermineralized bones, but no evidence of pseudofractures. Bone biopsy from the iliac crest showed widened osteoid seams characteristic of osteomalacia.
TREATMENT AND PROGRESS
These investigations demonstrated that the patient was suffering from extensive jejunal diverticulosis, steatorrhoea, megaloblastic anaemia, hypoproteinaemia with oedema, and osteomalacia. Abnormalities of hepatic and pancreatic function were also present.
She was treated with intravenous albumin infusions (25 g salt-free albumin daily for one week) in an attempt to correct the hypoalbuminaemia and to reverse the absorptive defects associated with protein malnutrition (Neale, Antcliff, Welbourn, Mollin, and Booth, 1967 The patient was discharged home in the middle of December and remained well and ambulant for three weeks. Early in January 1968 she had to be readmitted to hospital because of rapid deterioration in her general condition and level of consciousness. She had become stuporous over a 
Clinical examination on 7 January 1968 showed that she was only just responsive to painful stimuli. She was pyrexial (temperature 1 00F) and there had been a recurrence of oedema in the lower limbs but not of the ascites. The central venous pressure was normal but the pulse was irregular with an apex rate of 100/minute. The blood pressure was 85/60. There was a marked glossitis.
The neck was stiff but the Kernig sign was negative. The fundi were normal and the pupils responded to light. There was no ophthalmoplegia but the eyes showed dysconjugate 'wandering' movements. There was no trismus. Marked reflex pouting could easily be obtained.
There was no obvious paresis of the limbs, all of which, however, showed a gross increase in tone of extrapyramidal type. Grasp reflexes were readily elicited on each side. The upper limb tendon reflexes and knee jerks were symmetrically brisk but there was no clonus. The ankle jerks were sluggish. No plantar responses could be obtained.
An EEG (Fig. 1) was very abnormal. The record was dominated by diffuse, symmetrical, rhythmically repetitive sharp waves, many of which were triphasic. An ECG showed atrial fibrillation and ventricular complexes of low voltage, with non-specific ST depression. The total white count was 9,000/mm3 with a normal differential count. Blood cultures were sterile. The spinal fluid was clear, under normal pressure, and contained fewer than 5 cells/mm3 and a protein of 50 mg/100 ml. The electrolyte pattern was abnormal and there was severe lactic acidosis (urea 34 mg%; Na 137; K 2.9; Cl 105; HCO3 13; and lactate 7.3 m-equiv/l). After appropriate intravenous therapy the electrolyte pattern returned to normal without any change in her general condition.
The neurological features were thought suggestive of the syndrome of 'nicotinic acid-deficiency encephalopathy'. Forty hours after admission the patient was given an intravenous injection of 100 mg of nicotinamide. Within six hours a dramatic change took place. She became conscious and, although inattentive, was capable of responding to command, of smiling, of limited cooperation, and of some spontaneous speech. There was no nystagmus or ophthalmoplegia.
The neck was much less stiff and there was no longer any reflex pouting although grasp reflexes could still be elicited. Power in the limbs was normal and the previously noted rigidity much reduced. She could not cooperate in the sensory examination but there was not gross deficit. A second EEG (Fig. 2) , performed some 40 hours after the first, showed a dramatic change. The high voltage triphasic complexes had disappeared and had been replaced by random runs of alpha and theta activity over both hemispheres. A further intravenous injection of 100 mg of nicotinamide was given and she was put on a high oral vitamin intake. The following day she was mentally alert with no residual neurological signs. A marked improvement in the glossitis was also noted. (1947) points out that in localities where pellagra is not endemic the true nature of such nervous disturbances may pass unrecognized in the absence of the cutaneous signs of this disease. According to Jolliffe and his colleagues (1940) , 'the encephalopathic syndrome represents complete nicotinic acid deficiency while the pellagra syndrome represents a partial deficiency. Patients showing the encephalopathic syndrome without signs of pellagra would represent a complete nicotinic acid deficiency which develops so rapidly that the structural changes in the mouth and skin characteristic of pellagra do not have time to occur.'
The mechanism(s) by which our patient could have developed nicotinamide deficiency is uncertain. The dietary intake was only minimally reduced. Since a proportion of dietary 1-tryptophan is normally converted to nicotinic acid and it is known that pellagra is more likely to occur if the intake or absorption of protein is poor (Truswell, Liadsky, Wittmann, and Hansen, 1962) , the protein malabsorption, which was definitely present in our patient, may have played a part in the presumed nicotinamide deficiency.
Nicotinamide deficiency may also occur as a result of the deviation of dietary tryptophan into abnormal metabolic pathways. Pellagra, for instance, may complicate the carcinoid syndrome (Thorson and Nordenfelt, 1959) where there is a preferential conversion of 1-tryptophan into 5HLAA. It is also known that in patients with bacterial colonization of the small intestine a substantial proportion of the dietary tryptophan may be converted into indoles and excreted in the urine as indoxyl sulphate (indican). Our patient had massive bacterial contamination of the small bowel and marked indicanuria, which may have contributed to the nicotinamide deficiency.
Many species of intestinal bacteria are known to synthesize vitamins including nicotinic acid (Donaldson, 1964) . It might be argued that in our patient such micro-organisms were playing a role in maintaining an adequate source of nicotinamide until they were eliminated or drastically reduced in number following tetracycline therapy. This type of mechanism has been described in relation to folic acid. Patients with massive bacterial colonization of the small intestine may show raised serum folate levels (derived from bacterial synthesis) and these levels may be abruptly lowered following antibiotic therapy (Hoffbrand, Tabaqchali, and Mollin, 1966) . In our patient the intestinal flora was grossly abnormal and it is conceivable that the 'therapeutic' elimination of nicotinamide-synthesizing bacteria was sufficient to precipitate symptoms of acute nicotinamide deficiency.
Recently Raghuramulu, Srikantia, Rao, and Gopalan (1965) have shown that the synthesis in vitro of nicotinamide nucleotides by human erythrocytes could be significantly reduced by leucine. It has been known for several years that the administration of leucine to pellagrins could precipitate mental symptoms (Gopalan and Srikantia, 1960) . Such administration is often associated with a deterioration in the EEG that cannot be related to any leucine-induced change in the blood sugar level (Srikantia, Reddy, and Krishnaswamy, 1968) . It is just conceivable that the improved protein absorption in our patient achieved in hospital or the abnormal activity of bacteria in the bowel could have influenced nicotinamide synthesis by a leucine-like effect.
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